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1.Show operation and analysis of H-
ion source

2.Understand the processes which 
happens in emittance probe when we 
collect data 

3.Be sure that this data is correct (find 
optimal parameters of probe)

4.Understand the beam emittance 
(quality estimate of emittance)

Purpose
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Ion source

Figure 4: Plasma processes.
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Figure 5: Work function of Mo as a function of Cs 
monolayer on Mo surface.

Ion source
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Figure 6: Magnétron type source.

Ion source
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Figure 7: FERMILAB H- magnétron source.

Ion source
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Figure 8: Direct extraction magnetron test.

Setup
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Figure 9: Emittance 
probe design.

Figure 10: Detail of 
emittance probe.

Probe
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Beam Emittance

The definition of 2-dimension emittance is:

-normalized emittance, were

and

Sometimes emittance is given in terms 
of “laboratory” emittance
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Beam Emittance

Figure 1: Ideal and real 
emittance in different cases 
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(only for centered ellipse)
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with

.

Figure 2: Representation of 
emittance as an ellipse.

Beam Emittance
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Beam Emittance
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Figure 4: The beam fraction.
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Experimental Part
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Figure 11: Illustration of typical data collected from probe.
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Experimental Part
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Figure 12: Slice of 3-D plot of 
H- beam X emittance data with 
negative screen voltage (-500 
V).

Figure 13: Slice of 3-D plot of 
H- beam X emittance data with 
negative screen voltage (-500 
V).
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Experimental Part

Figure 14: Model of process into the probe with negative 
screen voltages.
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Experimental Part
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Figure 15: Slice of 3-D plot 
of H- beam X emittance data 
with positive screen voltage 
(1000 V).

Figure 16: Slice of 3-D plot 
of H- beam X emittance data 
with positive screen voltage 
(1000 V).
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Experimental Part

Figure 17: The model of process into the probe with 
positive screen voltages.
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Experimental Part
DEPENDENCE OF EMITTANCE AND PEAK AMPLITUDE FROM 

SCREEN VOLTAGES
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Figure 18: Dependence of emittance and peak 
amplitude as function of screen voltages (5 mil step).
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Experimental Part

DEPENDENCE OF EMITTANCE AND PEAK AMPLITUDE FROM 
SCREEN VOLTAGES

0

0.5

1

1.5

2

2.5

0 200 400 600 800 1000 1200

Screen voltages , V

N
or

m
al

iz
ed

 e
m

itt
an

ce
, m

m
-m

ra
d Am plitude

Em itt.98%

Em itt.95%

Em itt.90%

Em itt.80%

Em itt.70%

Figure 19: Dependence of emittance and peak amplitude as 
function of screen voltages (25 mil step).
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Emittance estimate

HISTOGRAM ANALYSIS
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Figure 20: Histogram analysis of raw data for quality 
emittance estimate
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Emittance estimate

THRESHOLD ANALYSIS
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Figure 21: Threshold analysis of raw data for quality 
emittance estimate
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Emittance estimate

BIAS SUBTRACTION ANALYSIS 
(after 0 thresholding)
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Figure 22: Bias subtraction analysis following 0% threshold 
of raw data
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Emittance estimate

BIAS SUBTRACTION ANALYSIS 
(+ 0 threshold in each step)
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Figure 23: Bias subtraction analysis following after 0% 
threshold in each step
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Conclusions
1.The emittance grows with screen voltages, but there is a flat 
around 100 V
2.The optimal screen voltage with which we collect the 
“good” data is about 100 V.
3.We have a model of ion electron emission in our probe
4.When we use a big step size in different measurement the 
emittance antiproportional of the peak amplitude
5.The optimal step with which we don’t lose peak is about 5 
mil (1.27 mm).
6.Conducting quality estimate of the emittance and understand 
approaches to eliminate a bias from a real signal 
7.The best emittance which we  obtained is 0.216 pi mm.mr
(emittance 90% normalized, with acceleration voltages 30 KV 
and extraction voltages 18 KV, beam current 11 mA).
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Thank you, 
for your 
attention


